Genetic responses that characterize experimental autoimmune myocarditis (EAM) have not yet been determined. To investigate gene expression in the myocardium of EAM, absolute copy numbers of 44 mRNA species [calcium-handling proteins, contractile proteins, natriuretic peptides (NPs), cytokines, chemokines, growth factors, renin-angiotensin-aldosterone (RAA) system, endothelins (ETs) and extracellular matrix] in synthesized cDNA from a fixed quantity of total heart RNA were assessed using real-time reverse-transcriptase PCR at days 0, 14, 21 and 28 after immunization. α-Cardiac myosin showed a 26.3-fold decrease and β-cardiac myosin a 3.75-fold increase at day 14. Atrial NP and brain NP increased 47.7-and 6.35-fold at days 21 and 14 respectively. Angiotensin II type 1 receptor, angiotensin-converting enzyme and ET1 increased 22.3-fold at day 21, 6.30-fold at day 21 and 16.8-fold at day 14 respectively. Aldosterone receptor decreased 2.15-fold at day 14, but aldosterone synthetase was detected only at days 14 and 21. Interleukin (IL)-2, IL-10, interferon-γ and monocyte chemo-attractant protein-1 increased 9.08-fold at day 14, 398-fold at day 21, 43.1-fold at day 14 and 142-fold at day 14 respectively. Collagen type 3, collagen type 1 and fibronectin increased 34.6-, 1.74-and 44.4-fold respectively at day 21. Interestingly, osteopontin showed a 4540-fold increase and it was the highest mRNA of all at day 14. An isoform of cardiac myosin and NP are dramatically changed in EAM. RAA system and ET expressions are changed differently during the EAM time course. Cytokine, chemokine and extracellular matrix greatly increase and, in particular, large numbers of osteopontin mRNA are expressed in early EAM.
INTRODUCTION
We reported previously that rat experimental autoimmune myocarditis (EAM) resembled the giant cell and congestive heart failure. Therefore, it is important to examine the time course of gene expression that is considered to influence inflammation, cardiac remodelling or heart failure in EAM hearts. Real-time quantitative reverse-transcription (RT)-PCR is easier and faster than Northern blotting or ribonuclease protection assay for examining gene expression [3] . Furthermore, because this technology can theoretically determine the absolute copy number of mRNA that DNA-array technology cannot examine, it can compare the quantities of different mRNAs that are involved in cardiac remodelling or heart disease states. The amount of protein seems to be roughly in proportion to that of mRNA. Because it is clear which proteins are present in large quantity in the heart by this method, we can understand these heart states profoundly.
Taylor et al. [4] investigated host gene expression in murine coxsackievirus myocarditis using microarray analysis ; however, coxsackievirus myocarditis is different from rat EAM and the host genetic responses that characterize EAM have not been fully determined yet. In the present study, we examined the gene expression in EAM hearts using real-time RT-PCR. To investigate the nature of gene expression in the myocardium of EAM, absolute copy numbers of 44 mRNA species were assessed at the pre-inflammatory, early inflammatory, fulminant inflammatory and recovery stages of EAM. Genes encoding calcium-handling proteins, contractile proteins, natriuretic peptides (NPs), cytokines, chemokines, growth factors, renin-angiotensin-aldosterone (RAA) system proteins, endothelin (ET) and extracellular matrix (ECM) proteins were investigated to examine genes that are correlated with the inflammatory process, cardiac function and remodelling of the heart.
MATERIALS AND METHODS

Animals
Lewis rats were obtained from Charles River (Atsugi, Kanagawa, Japan), and were maintained in our animal facilities until they reached 6 weeks of age.
Induction of EAM
Whole cardiac myosin was prepared from the ventricular muscle of porcine hearts as described previously [1] . Myosin was dissolved in PBS at a concentration of 10 mg\ml and emulsified with an equal volume of complete Freund's adjuvant supplemented with 10 mg\ml of Mycobacterium tuberculosis H37RA (Difco, Detroit, MI, U.S.A.). On day 0, the rats received a single immunization at two subcutaneous sites on the foot, with a total of 0.2 ml of emulsion for each rat. Throughout the studies, all animals were treated in accordance with the guidelines for animal experiments of our institute.
Histopathology
Rat were killed under ether anaesthesia on days 14, 21 and 28 after immunization. The ventricles were transversely sliced and fixed in 10 % formalin, embedded in parafilm and stained with hematoxylin-eosin or Azan-Mallory.
RNA isolation from heart and reverse transcription
Total RNA was isolated from one-third (apex side) of the rats' ventricles at days 0 (n l 4), 14 (early fulminant stage ; n l 3), 21 (early recovery stage ; n l 4) and 28 (late recovery stage ; n l 3) after immunization using Trizol (LifeTechnologies, Tokyo, Japan). cDNA was synthesized from 5 µg of total RNA with random primers and Moloney-murine-leukaemia virus reverse transcriptase in a final volume of 20 µl.
Plasmid construction as a standard sample for real-time RT-PCR
Forty-four cDNAs were amplified with AmpliTaq polymerase (TOYOBO, Osaka, Japan), for each primer (Table 1 ) from 1 µl of cDNA according to the following amplification profile : 35 cycles at 94 mC for 60 s, 58 mC for 90 s and 73 mC for 120 s. Amplified cDNAs were directly inserted into the pGEM-T vector and the recombinant plasmids were isolated after transforming with Escherichia coli JM109 competent cells using the MagExtractor plasmid Kit (TOYOBO). The plasmids were diluted with DNase-free water in a siliconized tube, including 10 ng\µl MS2 RNA (Roche, Indianapolis, IN, U.S.A.) to prevent adherence to the tube wall.
Quantitative RT-PCR
cDNA was diluted 100-fold with DNase-free water in a siliconized tube, including 10 ng\µl MS2 RNA to avoid adherence to the tube wall, and 5 µl was then used for real-time PCR. cDNA and diluted plasmid were amplified with the same primer used for making the plasmid and LightCycler-FastStart DNA Master SYBR Green I (Roche). RNAs that had not been subjected to reverse transcription were used as a negative control. After an initial denaturation step of 10 min at 95 mC, a three-step cycle procedure was used (denaturation at 95 mC for 0 s, annealing at 62 mC for 10 s and extension at 72 mC for 13 s) for 40 cycles. The LightCycler software calculated a standard curve using five plasmid standards. The standard curve was created by plotting the cycle numbers at which the fluorescent signals entered the loglinear phase versus the concentrations of the standards. The absolute copy numbers of all the samples were calculated by the LightCycler software using this standard curve (Figure 1 ). The relative amounts at days 14, 21 and 28 compared with those at day 0 were calculated. Gene expression in experimental autoimmune myocarditis 
Gene
Sense primer Antisense primer γ-Actin 5h-agccttccttcctgggcatggagt-3h 5h-tggaggggcctgactcgtcatact-3h G6PDH 5h-tatctcagaggtggaaactgacaa-3h 5h-ttcttggtcatcatcttggtgtat-3h α-Cardiac myosin 5h-acaaggttaaaaacctgacagagg-3h 5h-tactgttctgctgactgatgtcaa-3h β-Cardiac myosin 5h-cactccagaagagaagaactccat-3h 5h-ccagttgaacatcttctcgtacac-3h SR Ca 2 + -ATPase 5h-ggatcagaggtgccatctactact-3h 5h-aagcagagtcattacacagagcac-3h FKBP12 5h-agacgggcgcaccttcccgaag-3h 5h-aagctccacatcaaaaacaag-3h Na + /K + -ATPase 5h-gaaatccattgcttacaccctaac-3h 5h-ttctcagccagaatcacaaaataa-3h Ryanodine receptor 5h-ggaaagtgaccttctttcagacat-3h 5h-aggctatgattttcttccagaatg-3h TGF-β 5h-gttcttcaatacgtcagacattcg-3h 5h-cattatctttgctgtcacaagagc-3h TGF-β receptor 5h-aatgttacgccatgaaaatatcct-3h 5h-tacaacaggttccatttttcttca-3h
5h-agctgctcaggacctcaccat-3h 5h-gttgtggaggccctcatggctgat-3h ACE 5h-caactggcattataacaccaacat-3h 5h-ttatatttgtcagatcaggctcca-3h AT1 receptor 5h-ttggaaagctctaaagaaggctta-3h 5h-tatttcaggagctggaggaaatac-3h Aldosterone receptor 5h-ttcttggatgtgtctatcatcgtt-3h 5h-tgtaatttgtcctcatctcctcaa-3h Aldosterone synthetase 5h-agaatcctaaactcagacctggtg-3h 5h-cacatcctcttgtctcagtgtctc-3h Bradykinin 2 receptor 5h-cgcgtggtgaacactatgatatac-3h 5h-gaaggtgatgatactcaggggtag-3h ET-1 5h-gatccttgaaagacttacttccca-3h 5h-ctgtagagttccgctttcaacttt-3h ETA-receptor 5h-tctataccctcatgacctgtgaga-3h 5h-tttcttgctcacaaaatacagagc-3 ETB-receptor 5h-ggagatctgctacacatcatcatc 5h-ctttcctttgtagtccgacgtaat-3 ANP 5h-atggatttcaagaacctgctagac-3h 5h-gctccaatcctgtcaatcctac-3h BNP 5h-ctgggaagtcctagccagtct-3h 5h-gtctatcttctgcccaaagcag-3h Collagen type 1 5h-ctagcctcacacacttagtgatctgc-3h 5h-ctaggtgtgtgggtggcttt-3h Collagen type 3 5h-cgcaattgcagagacctgaa-3h 5h-acagtcatgggactggcatttat-3h Fibronectin 5h-agactgcagtgaccaccattc-3h 5h-caatgtgtccttgagagcatagac-3h Osteonectin 5h-gtcaccttgtacgagagagatgag-3h 5h-ttgtctaggtcacaggtctcaaag-3h Osteopontin 5h-aacggatgactttaagcaagaaac-3h 5h-tactgttcatcagaaacagggaaa-3h 
RESULTS
Histopathology
Large numbers of macrophages and lymphocytes infiltrated into myocardium without fibrosis on day 14. On day 21, inflammatory cells remained and fibrosis was formed in myocardium. On day 28, the infiltrating cells disappeared and the fibrosis remained in myocardium (Figure 2 ).
Calcium-handling proteins, contractile proteins, cytoskeletal proteins and metabolic enzymes (Table 2 and Figure 3) α-Cardiac myosin showed a 26.3-fold decrease at day 14, β-cardiac myosin a 3.90-fold increase at day 21, and their Results were calculated by the LightCycler software using the standard curves for the positive control plasmid, and are are expressed as the meanspS.E.M. for 3 or 4 determinations. #, α-Cardiac myosin ; =, β-cardiac myosin ; , Ca 2 + -ATPase ; $, ryanodine receptor. but only at day 14 and 21. Atrial NP (ANP) and brain NP (BNP) increased 47.7-fold at day 21 and 6.35-fold at day 14 respectively, and absolute copy numbers of ANP were more than BNP. ET-A receptor and ET-B receptor increased slightly in EAM hearts. Bradykinin receptor 2 increased 19.8-fold at day 21, but its absolute copy numbers were few at any stage.
Growth factors (Table 2)
Transforming growth factor (TGF)β, basic fibroblast growth factor (bFGF), insulin-like growth factor (IGF)-1 and hepatocyte growth factor (HGF) increased 8.24-fold at day 21, 5.21-fold at day 14, 14.9-fold at day 21, and 7.81-fold at day 21 respectively. Vascular endothelial growth factor (VEGF) was practically unchanged. TGFβ receptor increased 4.91-fold at day 21 and IGF receptor increased slightly in EAM hearts. HGF absolute copy numbers were fewer than the other growth factors.
Immunorelated proteins (Table 2 and Figure 5)
MHC class I and II increased 9.48-fold and 75.7-fold at day 21. MHC class I absolute copy numbers were greater Results were calculated by the LightCycler software using the standard curves for the positive control plasmid, and are expressed as the meanspS.E.M. for 3 or 4 determinations. #, ACE ; =, aldoesterone receptor ; , aldosterone synthetase ; 5, ANP ; $, BNP ; >, bradykinin receptor 2.
than MHC class II, however, MHC class II increased more abruptly than MHC class I in EAM hearts. Elastase and secretory leucocyte protease inhibitor (SLPI) increased 38.4-fold at day 21 and 1570-fold at day 14 respectively. CD44 increased 31.9-fold at day 14. Programmed death-1 (PD-1) was not detected at day 0, but only at days 14, 21 and 28, and programmed death-1 ligand (PD1-L) increased 8.89-fold at day 14. Interleukin (IL)-2, IL-10, interferon (IFN)-γ, tumour necrosis factor (TNF)-α and monocyte chemo-attractant protein (MCP)-1 increased 9.08-fold at day 14, 398-fold at day 21, 43.1-fold at day 14, 14.5-fold at day 14 and 142-fold at day 14 respectively. IL-10 increased later than IL-2, IFN-γ, TNF-α and MCP-1. Chemokine receptor (CX3CR1) increased 34.0-fold at day 14, and fractalkine increased slightly in EAM hearts. Absolute copy numbers of MCP-1, fractalkine and CX3CR1 were more than IL-2, IL-10, IFN-γ and TNF-α.
ECM proteins (Table 2 and Figure 6)
Collagen type 3 and fibronectin increased 34.6-fold and 44.4-fold at day 21 respectively, but collagen type I increased slightly in EAM hearts. Osteonectin increased 8.00-fold at day 21. Interestingly, osteopontin showed a Gene expression in experimental autoimmune myocarditis Results were calculated by the LightCycler software using the standard curves for the positive control plasmid, and are expressed as the meanspS.E.M. for 3 or 4 determinations. Results were calculated by the LightCycler software using the standard curves for the positive control plasmid, and are expressed as the meanspS.E.M. for 3 or 4 determinations. #, Collagen type 1 ; =, collagen type 3 ; , fibronectin ; >, osteopontin.
4540-fold increase at day 14 and it was the most abundant mRNA of all at day 14.
DISCUSSION
In the present study we examined the expression of 44 important genes in EAM hearts. Taylor et al. [4] reported that 169 known genes had a level of expression significantly different at one or more post-infection time points compared with the baseline in coxsackievirus myocarditis using microarray analysis. In our present study, the changes in the expression of many of the genes were greater than compared with baseline.
Calcium-handling proteins, contractile proteins, cytoskeletal proteins and metabolic enzymes
Proinflammatory cytokines are thought to induce changes in contractile protein expression that may contribute to the acute heart failure observed during endotoxaemia [5] . Juvenile and adult rat cardiac myosin protein is predominately α-cardiac myosin, whereas β-cardiac myosin occurs primarily in fetal rat hearts [6] . Cardiac myosin expression is a primary determinant of the shape of force-velocity relationships, velocity of loaded shortening and overall power output-generating capacity of individual cardiac myocytes [7] . Both α-cardiac myosin and β-cardiac myosin myocytes generated a similar maximal Ca# + -activated force, but α-MHC myocytes shortened faster at all loads and generated an approx. 170 % greater peak-normalized power output. In EAM, we have previously shown [8] that peak dP\dt and peak kdP\dt were significantly lower in both the acutephase group and the chronic-phase group compared with the control group, and dobutamine significantly increased the left ventricular systolic pressure, peak dP\dt, and peak kdP\dt in the chronic-phase group, but caused only minor changes in haemodynamic variables in the acute-phase group. α-Cardiac myosin and β-cardiac myosin absolute copy number ratios were dramatically changed in EAM hearts. On the other hand, the expression of sarcoplasmic reticulum Ca# + -ATPase and ryanodine receptor decreased only slightly in EAM hearts. The change of cardiac myosin isoform may be one reason for the haemodynamic change in EAM.
G6PDH and γ-actin increased in EAM hearts. Microarray data in coxsackievirus myocarditis also showed β-actin and γ-actin increases [4] . We used the same total RNA amount as the samples using real-time RT-PCR. These genes are normally housekeeping genes [9] . However, in whole myocarditis hearts, these housekeeping genes are perhaps not meant to be genes that are always present in the same quantities, because different kinds of cells have the different amounts of them.
RAA system, ET and NPs
There is evidence indicating a role for tissue angiotensin systems in the pathogenesis of cardiovascular disease and in cardiovascular structural remodelling [10] . Production of aldosterone and ACE seem to be activated in failing ventricles in proportion to severity [11] . In the present study, AT1 receptor and ACE increased most at day 21, and aldsterone synthetase was detected only in EAM hearts ; however, the aldosterone receptor decreased in EAM. Recently, Harada et al. [12] reported that aldosterone might cause the upregulation of ACE mRNA expression. There may be some unknown regulation in the tissue RAA systems of EAM.
ET-1 plays an important pathophysiological role in viral myocarditis, and the expression levels of ETconverting enzyme-1 and ET-1 mRNA were significantly increased at 7 and 14 days after virus inoculation [13] . Treatment with ET receptor antagonist had a cardioprotective effect [13] . However, the roles of ET-1, ET-A receptor and ET-B receptor are not clear in myocarditis. In the present study, ET-1 increased most at day 14, and the amounts of ET-A receptor and ET-B receptor were nearly similar and increased slightly in EAM hearts. We have reported previously [14] that a higher dose of mixed ET-1 receptor antagonist was needed to block the effect of ET-1 in rats with dilated cardiomyopathy. In the future, the differences with ET-A and ET-B receptor will need to be investigated in myocarditis.
There is a hypothesis that, in contrast with ANP, cardiac BNP mRNA expression may be induced specifically in overt heart failure in rats [15] . EAM heart failure is severe ; however, in the present study of EAM, ANP increased more than BNP and the absolute copy numbers of ANP were higher than those of BNP. Stull et al. [16] reported that quantification of mRNA showed expression of ventricular ANP, as well as a decrease in α-cardiac myosin, in mice EAM. ANP may be more important than BNP in EAM.
Growth factors
TGFβ has been reported to be an immunosuppressive agent [17] . HGF and VEGF are known to have strong angiogenic effects, and HGF also markedly suppresses IFN-γ and TNF-α expression and decreases the levels of IL-12 in serum [18, 19] . It is also been reported that IGF-I promotes clinical recovery in this experimental autoimmune encephalomyelitis model [20] . bFGF may contribute to enhanced inflammation, neovascularization and fibrosis [21] . The growth factors that are of benefit to EAM are unknown. In the present study, increases of TGFβ, HGF, IGF-1 and bFGF are similar, however, VEGF was practically unchanged and HGF absolute copy numbers were fewer than the other growth factors.
Immunorelated proteins
The pathogenesis of EAM seemed to be closely related to CD4 + T-cells and macrophages [22, 23] . Induction of autoimmune myocarditis increased the expression of myosin MHC class II in the heart and enhanced their antigen-presenting cell functions [24] . Therefore it is reasonable that MHC class II increased more rapidly than MHC class I in the present study. Recently, disruption of the gene encoding the negative immunoregulatory receptor PD-1 in BALB\c mice caused dilated cardiomyopathy [25] . PD-1 may be an important factor contributing to the prevention of autoimmune diseases [25] . The constitutive expression of PD1-Ls on parenchymal cells of the heart, lung and kidney suggested that the PD-1-PD1-L system could provide unique negative signalling to help prevent autoimmune diseases [26] . Leucocytes undergoing apoptosis are found in EAM hearts [27] and in the present study there was sufficient levels of both PD-1 and PD1-L in EAM hearts. This may be a reason for leucocyte apoptosis. Expression of elafin, an elastase-specific inhibitor, may confer a protective advantage in myocarditis and other inflammatory diseases [28] . SLPI appears to contain two functional domains, one having a trypsin inhibitory site and the other an elastase inhibitory site [29] . SLPI mRNA increased dramatically in the early EAM phase and this may mean that SLPI plays an important role for protection of inflammation. CD44 is an integral cell membrane glycoprotein with a postulated role in matrix adhesion lymphocyte activation and lymph node homing, and is one of the ligands of osteopontin [30, 31] . Monoclonal antibodies directed against CD44 and integrin α4 prevented the transfer of EAM [32] . In the present study, the increase in CD44 mRNA and high level of osteopontin mRNA in EAM is interesting. We reported that Th1 and Th2 cytokines were produced at different stages of EAM using a ribonuclease protection assay [33] , and the present study was consistent with this. IL-10, similar to Th2 cytokine, increased later than IL-2, similar to Th1 cytokine. Fractalkine was reported to play an important role in graft rejection, and CX3CR1 (receptor for fraktalkine) antagonists might allow reductions in the doses of immunosuppressive drugs used in cardiac allograft [34] . However, the neuronal expression of fractalkine mRNA has been reported to be unaffected by experimentally induced inflammation of central nervous tissue [35] . In the present study, fractalkine increased only slightly in EAM hearts.
ECM proteins
Differential increase in collagen type 1 and collagen type 3 has been reported to lead to an increased collagen type 1\collagen type 3 ratio in the dilated cardiomyopathy myocardium [36] . However, in the present study, collagen type 3 increased undoubtedly in EAM hearts, but collagen type I increased only slightly. It has been reported that fibronectin plays an important role in leucocyte migration and osteonectin regulates the expression of collagen type I and TGFβ [37, 38] . Osteopontin was one of most interesting molecules which we examined in the present study. Osteopontin mRNA increased dramatically and large numbers of them were expressed in the early EAM phase. Recently, in osteopontin-deficient mice, IL-12 and IFN-γ production was found to diminish, and IL-10 production increased [39] . Osteopontin, also known as early T-lymphocyte activation-1, is a cytokine contributing to the development of Th1 immunity. Mice deficient in osteopontin production develop significantly milder experimental autoimmune encephalomyelitis in comparison with wildtype controls and exhibit no relapses, and CD4 + T-cells from these mice express reduced levels of Th1 cytokines [40] . We reported that IL-12 and IL-2 potentiated the expansion of cardiac myosin-specific Th1 cells and play an important role in the development of autoimmune myocardial injury [41] . Osteopontin may be a key protein for the initiation of EAM.
